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(57) Abstract 

The invention features a heteroconjugate antibody which includes two binding functionalities. The first binding function is 
directed to a peripheral blood effector cell antigen, preferably CD-3. The second functionality is directed to a specific domain of 
an aids virus coat protein, preferably the V3 loop sequence of the gpl20 envelope from HIV MN or a variant thereof. Methods of 
therapy are also presented where 20 ng/ml of a mixed culture of HIV infected cells (effector/CEM-ss cells) have a 80-90 % de- 
crease in reverse transcriptase activity compared to an identical culture with a 3:1 ratio of effector cell:CEM-ss. 
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HETEROCONJUGATE ANTIBODIES FOR TREATMENT OF HIV INFECTION 
Background of the Invention 
This invention relates to the treatment of Human 
5 Immunodeficiency Virus infection. 

Human Immunodeficiency Virus (HIV) , the etiologic 
agent of Acquired Immunodeficiency Syndrome (AIDS), is a 
retrovirus which infects certain immune system cells, 
including T4 lymphocytes and CD4 + cells of the 

10 monocyte/macrophage lineage. In the absence of effective 
treatment, the mortality rate for AIDS patients 
approaches 100% (Fauci, Science 239:617, 1988). 

Well over 100 HIV variants have been identified. 
The amino acid sequence of the HIV envelope glycoprotein 

15 gpl20 is particularly variable; its amino acid sequence 
can vary by 20-25% from one strain to the next. In 
addition to strain to strain variability, there is a more 
subtle variation in genome sequence caused by the high 
error rate of reverse transcriptase. The 

20 misincorporation rate is high enough to introduce one 

error per genome per replication cycle. Consequently any 
particular viral isolate consists of a cohort of quasi- 
species. Further, the diversity and number of quasi- 
species apparently differs from one HIV variant to 

25 another. There is substantial evidence that these quasi- 
species evolve in vivo. For example, successive viral 
isolates from an infected individual reveal substantial 
temporal fluctuations in the proportion of various quasi- 
species (Meyehans, Cell 58:901, 1989). There is also 

30 evidence that neutralization-resistant HIV variants can 
arise through single-base changes in the viral sequence 
encoding gpl20 when HIV is grown in the presence of 
neutralizing antibodies (Reitz et al., Cell 54:57, 1988). 
Infected individuals initially mount a humoral and 
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. fit htv and there is reason 
cellular i^une response aga ^ ^ immune resp0 nse 
to relieve that an ^^'^^ the emergence of 
ma y actually encourage vxral spre ^ 
resistant variants (Mccune et al., 

5 1991). Indies directed against HIV 

Human -^^^ formation and 
proteins have been produced By y et al ., j. 

Epstein Barr Virus transformation (Banap ^ 

10 Human aetroriruses " »* w prot eins composed 

More recently cytotoxic byte lJ ^ 

of a cytotoxin fused to part o expresslng „ 

b een proposed as a ~* « ^J rellas „ the fact that 
encoded proteins. This PP recognizes the CD4 

" the HIV envel^e oocytes and certain 

receptor, which "J^" Unea ,e. Thus, a 

cells of the ^^'^T^ te use a to target a 
soluble derivative of CD4 night beu 

cytotoxin to HXV ^ZZXZ. «- 
2 0 gpl20. Chaudhary et ^ ^ exotoxin hybrid 

aat administration of a CM ioally ln£ ected 

protein to a ^<^~£ ovarall protein synthesis. 

with HIV causes a decrease i a CM . 

TU1 et al. (Science 242:11««. 19W 1 
2 5 ricin A fusion protein decrease DHe syn ^ 
enures of chronically infected B9 cell 
variation of ^"^00^ of soluble CB4 

«•> aeSi9 "t: - - antibody. This molecule is 

a„ a the constant region e ^ wJ30 _ 

30 designed to direct type tes b ..„ shown to 

Another molecule of this gen 339 ., 8 _ 
activate complement (Traunecker et al. 

1989) • ■ ^ molecules consisting of two 

35 ^JZZZZZ. or an antibody covalently 
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joined to a cell- or virus-targeted protein have been 
proposed as a means by which to target cytotoxic cells to 
undesirable cells such as tumor cells and viral ly 
infected cells. Segal et al. (U.S. Patent No. 4,676,980) 
5 suggest the use of cross-linked hetero-antibodies to 
target immune system cells to unwanted or detrimental 
cells. Fanger et al. (PCT publication WO91/00360) have 
proposed such heteroconjugates for treatment of AIDS. In 
particular, Fanger et al. suggest the use of a high 

10 affinity Fey receptor-specific antibody fused to CD4 (or 
the CD4 binding domain of gpl20) for AIDS therapy. 
Fanger et al. also suggest the use of heteroantibodies 
consisting of an high affinity Fey receptor-specific 
antibody fused to an HIV-specif ic antibody such as anti- 

15 gpl20 antibody for AIDS therapy. Zarling et al. (EP 
Publication No. 03089.36) described heterocon jugate 
antibodies consisting of an antibody specific for an HIV 
antigen that is expressed on HIV infected cells cross- 
linked to a second antibody which is specific for an 

20 effector cell of the peripheral blood and which is 
capable of killing HIV infected cells. 

Summary of the Invention 
In general, the invention features a 
heterocon jugate antibody which includes a first and a 

25 second portion joined together covalently, the first 

portion includes an antibody directed against an antigen 
present on the surface of an effector cell of the 
peripheral blood, the second antibody portion includes an 
antibody directed against a V3 loop sequence of the gpl20 

30 envelope protein of HIV MN or a HIV MN viral variant 
expressed on the surface of HIV-infected cells, wherein 
the heterocon jugate antibody at an initial concentration 
of 20 ng/ml in a first mixed cell culture which includes 
effector cells and CEM-ss cells infected with HIV-MN 
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ceases the reverse transcriptase activity of the first 
mi xed culture cell by at least 80% compared to the 
averse transcriptase activity cf an otherwise Um*u*l 
second nixed cell culture which includes effector cells 
5 Z the CEH-ss cells infected with ^ 
effector cells are in 3-fold excess over the CEH ss cell 
in tn! first and second mixed cell cultures the reverse 
transcriptase activity is measured ten days ^ 
infection, the heterocon jugate anybody ££££T 
10 cells are added to the CEH-ss cells in the f"*™* 
cell culture 18 hours after infection, and the first 
second cell cultures are infected with 100-1000 
infectious units of HIV-HN. 

In a preferred embodiment, the decrease in the 
15 reverse transcriptase activity of the first cell culture 
heater than 90* compared to the reverse transcriptase 
activity of the second mixed cell culture. 

in another preferred embodiment, the 
heteroconjugate antibody at an initial ™ t ™ f 
2 „ 2 oo n,/ml in a first mixed cell culture^ which inches 
effector cells and CEH-ss cells infected With an mv 
strain other than rav-HN decreases the reverse 
Tanscriptase activity of the first mixed culture ceil by 
at least 50% compared to the reverse transcriptase 
25 activity of an otherwise identical second nixed cell 
"l^re which includes effector cells and saidC^-ss 
cells infected with the HIV strain other than HI™. 
„Sr.in the effector cells are in 3-fold excess over said 
^ss cells in the first and second mixed cell cultures, 
30 Z reverse transcriptase activity is measured ten days 
Zer infection, the heteroconjugate antibody and the 
effector cells are added to said CEH-ss cells in the 

L mixed cell culture 18 hours after infection and 
Z first and second cell cultures are infected with 100- 
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1000 infectious units of the HIV strain other than HIV- 
MN. 

In yet another preferred embodiment, the 
heterocon jugate antibody binds to the V3 loop of an HIV 
5 strain other than HIV-MN. 

In other preferred embodiments, the effector cell 
is chosen from the group consisting of cytotoxic T 
lymphocytes, neutrophils, monocytes/macrophages, and 
large granular lymphocytes; and the antigen present on 

10 the surface of an effector cell is CD3 . 

In a another preferred embodiment, the 
heterocon jugate antibody at an initial concentration of 
20 ng/ml in a first mixed cell culture which includes 
effector cells and CEM-ss cells infected with HIV-III B 

15 decreases the reverse transcriptase activity of the first 
mixed culture cell by at least 80% compared to the 
reverse transcriptase activity of an otherwise identical 
second mixed cell culture which includes effector cells 
and the CEM-ss cells infected with HIV-III B , wherein the 

20 effector cells are in 3-fold excess over the CEM-ss cells 
in the first and second mixed cell cultures, the reverse 
transcriptase activity is measured ten days after 
infection, the heterocon jugate antibody and the effector 
cells are added to the CEM-ss cells in the first mixed 

25 cell culture 18 hours after infection, and the first and 
second cell cultures are infected with 100-1000 
infectious units of HIV-III B . 

In yet another preferred embodiment, the 
heterocon jugate antibody at an initial concentration of 

30 20 ng/ml in three or more mixed cell cultures each of 
which includes effector cells and CEM-ss cells infected 
with one of the HIV strains: Alabama, Duke 6587-5, Duke 
6587-7, Duke 7887-7, SF2, WMJ2, and IIIB, decreases the 
reverse transcriptase activity of each of the mixed cell 

35 culture by 80% compared to the reverse transcriptase 
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activity of an otherwise identical mixed cell culture 
TZ includes effector cells and CEH-ss cells infected 
. . „«, WTV wherein the effector cells 
with the sane strain of HIV^ wherein 

are in 3-fold excess over the CEM ss cells 
5 and second nixed cell cultures, the reverse transcriptase 
activity is measured ten days after infection, the 
beteroconjugate antibody and the effector cells are added 
to the om-ss cells in the first nixed cell culture 18 
hours after infection, and the first and second cell 
10 cultures are infected with 100-1000 infectious units of 

the strain of HIV. 

in a related aspect, the invention features a 
beteroconjugate antibody which includes a first and a 
second portion joined together covalently the 

15 portion includes an antibody directed against an antigen 
present on the surface of an effector cell of the 
peripheral blood, the second antibody portion includes an 
antibody directed against a V3 loop seguence of the gp!20 
envelope protein of HIV MK or a HIV MH viral variant 

20 expressed on the surface of HIV-infected cells, wherein 
Z heteroconjugate antibody at an initial concentration 
of 10 ng/ml in a first nixed cell culture »fch includes 
the effector cells and CEH-ss cells infected with HIV-HN 
decreases the reverse transcriptase activity of the first 

25 nixed culture cell by at least 80% compared to the 

^erse transcriptase activity of an otherwise identical 
second mixed cell culture which includes the effector 
cells and the CEH-ss cells infected with HIV-MH, wherein 
the effector cells are in 3-fold excess over the CHM-ss 

30 cells in the first and second mixed cell cultures, the 
reverse transcriptase activity is measured ten days after 
infection, the heterocon jugate antibody and the effector 
cells are added to the CEM-ss cells in the first mixed 
cell culture 18 hours after infection, and the first and 
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second cell cultures are infected with 100-1000 
infectious units of HIV-MN • 

In a related aspect, the invention feature a 
heterocon jugate antibody which includes a first and a 
5 second portion joined together covalently, the first 
portion includes an antibody directed against an antigen 
present on the surface of an effector cell of the 
peripheral blood, the second antibody portion includes an 
antibody directed against a V3 loop sequence of the gpl20 

10 envelope protein of HIV MN or a HIV MN viral variant 
expressed on the surface of HIV-infected cells, wherein 
the heterocon jugate antibody at an initial concentration 
of 5 ng/ml in a first mixed cell culture which includes 
effector cells and CEM-ss cells infected with HIV-MN 

16 decreases the reverse transcriptase activity of the first 
mixed culture cell by at least 80% compared to the 
reverse transcriptase activity of an otherwise identical 
second mixed cell culture which includes effector cells 
and the CEM-ss cells infected with HIV-MN, wherein the 

20 effector cells are in 3-fold excess over the CEM-ss cells 
in the first and second mixed cell cultures, the reverse 
transcriptase activity is measured ten days after 
infection, the heterocon jugate antibody and the effector 
cells are added to the CEM-ss cells in the first mixed 

25 cell culture 18 hours after infection, and the first and 
second cell cultures are infected with 100-1000 
infectious units of HIV-MN. 

In another related aspect, the invention features 
a heterocon jugate antibody which includes a first and a 

30 second portion joined together covalently, the first 

portion includes an antibody directed against an antigen 
present on the surface of an effector cell of the 
peripheral blood, the second antibody portion includes an 
antibody directed against a V3 loop sequence of the gpl20 

35 envelope protein of HIV MN or a HIV MN viral variant 
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* «f HIV-infected cells, wherein 
expressed on the surface of HIV concen tration 
the heteroconjugate ant^ody at ^ inclu(Jes 

of i ng/ml in a f xrst witb HIV-MN 

~ te^r^tafe activity of the first 
5 decreases the revers tQ the 

m ixed culture cell by at le otherwise identical 

reverse transcriptase *<*">™ effec tor cells 

S econd mixed ^^T^J^m. wherein the 
an d the CEH-ss °*"*^;^ cess over the CEM-ss cells 
.0 effector cells are - 3 ^ ^es, the reverse 

in the first and secona m 

transcriptase is — the effector 

infection, the -eter=on,u^te entx by Bixed 

15 srs"— - — a with l00 " 1000 

infectious units of HIV-MH. £eature s a 

in a related aspect, the a a 
^ocon^ate ant^hich — £irst 

20 second portion '"-^S^x-*- " 
pcrtion includes an antibody d ^ ^ ^ 

pr esent on the surface of - • inolu4es „ 

peripheral blood, the second ^ GpaEMt . 

25 ^^eT^- th. . r:rr; 

antibody at an J^STSLS feeler cells 
first mixed cell culture whi decreaseS the 

a- CEM— ss cells infects v*h » ^ ^ culture 
reverse transcriptase actlV ^ Y se 

30 cell hy at -^7 f ^ 0 ^ise identical second 
transcriptase *ctivxty ^ ^ CEM . SS 
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activity is measured ten days after infection, the 
heterocon jugate antibody and the effector cells are added 
to the CEM-ss cells in the first mixed cell culture 18 
hours after infection, and the first and second cell 
« 5 cultures are infected with 100-1000 infectious units of 

HIV-MN. 

In a related aspect, the invention features a 
heterocon jugate antibody which includes a first and a 
second portion joined together covalently, the first 

10 portion includes an antibody directed against an antigen 
present on the surface of an effector cell of the 
peripheral blood, the second antibody portion includes an 
antibody directed against the amino acid sequence 
IXIGPGR, wherein X = any amino acid. 

15 In a preferred embodiment, the heterocon jugate 

antibody at an initial concentration of 20 ng/ml in a 
first mixed cell culture which includes effector cells 
and CEM-ss cells infected with HIV-MN decreases the 
reverse transcriptase activity of the first mixed culture 

20 cell by at least 80% compared to the reverse 

transcriptase activity of an otherwise identical second 
mixed cell culture which includes effector cells and the 
CEM-ss cells infected with HIV-MN, wherein the effector 
cells are in 3-fold excess over the CEM-ss cells in the 

25 first and second mixed cell cultures, the reverse 
transcriptase activity is measured ten days after 
infection, the heterocon jugate antibody and the effector 
cells are added to the CEM-ss cells in the first mixed 
cell culture 18 hours after infection, and the first and 

30 second cell cultures are infected with 100-1000 
infectious units of HIV-MN. 

In a related aspect, the invention features a 
heterocon jugate antibody which includes a first and a 
second portion joined together covalently, the first 

35 portion includes an antibody directed against an antigen 
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10 



crface of an effector cell of the 
present on the surface of portion includes an 

peripheral blood, the . SS ^ acid sequen ce 

antibody directed against the amino 

^ ^rLtial con—^ ^ - 

j __ in culture which inciuuea 
first mixed cell cuitur deC reases the 

reverse transcript re verse 

transcriptase activity or ^ ^ 

^ea cell -7^^^;:^ tne effector 
CBt - ss cells - ^ ~ ^ CEH _„ cXl. in the 
cells are in 3-fold exce reverse 
£i rst ana -cona ^ oe^ = . ^ ^ ^ 

transcriptase activity is antibody and the effector 

infection, the heterocon^ate antibo^ ^ 
cells are added to the CEM-ss cells - ^ ^ 

cell culture 18 hours ~_ 1000 
3 second cell cultures are infected wit 

infectious units of HIV-MN. effector cell 

m other preferred embodiments, me 

^ surface of an ««^ ^ventL futures a 

a another aspect, the ^ve includes . 

P^oeuUcally acceot^le^Brtron^ 

pharmaceutical^ effective amount 
„ M — rt , tte invention^-* 
Mtt oa for treaty patient infect. ^ ^ 
rST^SS acceptable exposition. 
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In another aspect, the invention features an HIV- 
targeted effector cell which includes: (a) an effector 
cell expressing a cell surface antigen; and (b) an above- 
described heterocon jugate antibody. 
5 In a related aspect, the invention features a 

method for treating a patient infected with HIV; the 
method includes administering to the patient the above- 
described HIV-targeted effector cell. 

The MN prototype virus is defined by a particular 
10 amino acid subsequence within the V3 loop region of the 
gpl20 envelope protein having positions A X -A 17 :K-R-K-R-I- 
H-I-G-P-G-R-A-F-Y-T-T-K. (Amino acid sequences are 
presented in the standard single-letter code throughout.) 
MN viral variants are variant which exhibit complete 
15 amino acid sequence homology at residues I-G-P-G-R, i.e., 
at positions Ay through A u , and at least 36% homology 
with the remaining 12 amino acids of the HIV-MN sequence 
given above. 

By "directed against" is meant that an antibody binds to 
20 the indicated antigen- The V3 loop of gpl20 is defined 
as the 36 amino acid region from amino acid 303 to 338, 
inclusive, according to the gpl20 numbering scheme of 
Ratner et al. (Nature 313:277, 1985). 

The heterocon jugate antibodies of the invention 
25 are highly effective; even at low concentrations they are 
capable of nearly eliminating viral replication as judged 
by a reverse transcriptase assay. The preferred 
heterocon jugate antibodies are those which are effective 
against more than one strain. 
30 Other features and advantages of the invention 

will be apparent from the following description of the 
preferred embodiments thereof, and from the claims. 



Detailed Description 
The drawings are first briefly described. 
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15 



20 



Figure 1 is a graphical representation of the 
effect of a mixture of unconjugated 0KT3 antibody and 
59.1 antibody (filled diamonds) and <"/»^ 
.eteroconjugate antibody (open ^^/^XV- 
tra nscripta S e Heverse 
III in the presence of cytotoxic i J.i»y 
transcriptase activity (cpn/10 (.1) i» presented as a 
^ the initial antibody concentration <ng/ml> - 

^ "^rris a graphical representation of tne 
effect of a mixture of unconjugated 0KT3 antibody and 
59 l antibody (filled diamonds) and OKT3/59.1 
heteroconjugate antibody (open sguares, on the reverse 
^LiplL activity of CSM-ss ceils infected with HTV- 
m in tbe presence of cytotoxic ^-lymphocytes Reverse 
transcriptase activity (cpm/10 Ml) « presented as a 
Action of the initial antibody concentration <n,/ml, xn 

~ ""fgCTis a graphical representation of the 
effect of a mixture ot unconjugated 0KT3 antibody and 
59 l antibody (open circles) and OKT3/59.1 
he^Sugate antibody (filled circles, on the reverse 
transcript, activity of CSM-ss ceils infected with HXV- 
m in the absence of cytotoxic T-lymphocytes. The 
reverse transcriptase activity of BIV-IIX. infected CEM- 
ss cells in the presence of cytotoxic lymphocytes only 
(filled triangle, ; H!V-III B infected CEK-ss cells alone 
(open triangle, ; and uninfected CEM-ss cells alone 
7iUed sguare, is also indicated. Reverse transcriptase 
, activity (cpm/10 Ml) is presented as a function of the 
initial antibody concentration (ng/ml) in the cell 

(except"^ those cases in which no antibody was 

aaaedl ' Figure 4 is a graphical representation of the 
5 effect of the ratio of cytotoxic T-lymphocytes to HIV-MK 
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infected CEM-ss cells on reverse transcriptase activity 
in the presence of 1 fig/ml OKT3/59.1 heter ©conjugate 
antibody. Reverse transcriptase activity (cpm/10 /il) is 
presented as a function of the cytotoxic lymphocyte to 
5 CEM-ss cells (log 10 scale). 

Figure 5 is a set of graphs which illustrate the 
effect of cytotoxic T- lymphocytes and OKT3/59.1 
heterocon jugate antibody (open squares) and a mixture of 
unconjugated OKT3 antibody and 59.1 antibody (filled 

10 triangles) on the reverse transcriptase activity of CEM- 
ss cells infected with HIV-MN (panel A) , HIV-Alabama 
(panel B) , HIV-Duke 7887-7 (panel C) , HIV-Duke 6587-5 
(panel D) , HIV-Duke 6587-7 (panel E) , HIV-III B (panel F) , 
HIV-SF2 (panel G) , and HIV-WMJ2 (panel H) . In each case, 

15 a control is included where neither antibodies or 
cytotoxic T-lymphocytes were added (filled circles) . 
Reverse transcriptase activity (cpm/10 /il) is presented 
as a function of the number of days post-infection. 

Figure 6 is a graphical representation of the 

20 effect of a mixture of conjugated OKT3 antibody and 6C5 
antibody (open circles) and 0KT3/6C5 heterocon jugate 
antibody (filled circles) on the reverse transcriptase 
activity of HIV-III B infected CEM-ss cells. Reverse 
transcriptase activity (cpm/10 /il) is presented as a 

25 function of the initial antibody concentration (ng/ml) in 
the cell culture. 

Heteroconiuaate Antibodies for AIDS Therapy 

The molecules of the invention are heterocon jugate 
antibodies produced by covalently attaching a first 
30 antibody which is directed against an antigen present on 
the surface of a cytotoxic immune effector cell capable 
of killing an HIV infected cell to a second antibody 
which is directed against an HIV antigen present on the 
surface of HIV infected cells. 
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T ha haterocon^ate antibodies of tha invention 
are hi,hly potent. Bven at "^^^ « e 
---fiSSSJS acuity - a -a 

capable of substantially r effector cells. 

STi'SSU — ana =r -Xse 
Broaaly reactiva heteroconjugate £^ of HIV . 

— -r^r-^aroccn^t. antiboay 

0 STT^S "Si. H-HH ana HXV-S. or HXV-KH 

US capable of kllla* ^ ^ „. 

antigan prasant on the sur phages , large 
cytotoxic T-ly»nhocytas, monooyt. / _ ^ 

—» « ^n^— ^effector call- 
neutrophils. Prafarably, the ^ o£ 

20 greeted antibody binas^ ^riggers cytolytic 
tha effector call in a ^ e r ecognisea oan ba tha 

activity. Per "^ptor. Laas preferrea 

CD3 racaptor or tha CD16 

25 ^CCi^t^ytic activity,.,.. 

is airactaa against an antigen present on tha su 
HIV infactaa calls ^f^^ envelop, protein 
30 within tha V3 loop stance o ^gP (2) an epitope 
of tha MN prototype of HIV 1 (HIV ^ ^ proteln 

wl thin the V3 loop se^ce o£ ^ or (3) 

: us; sr- - - — mino aoids 

35 584 to 611, inclusive. 
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The V3 loop of gp!20 is the 36 amino acid region 
from amino acid 303 to 338, inclusive, according to the 
gpl20 numbering scheme of Ratner et al. (Nature 313:277, 
1985) . The MN prototype of HIV-1 is defined by the 
5 following amino acid subsequence within the V3 loop of 
gpl20: K-R-K-R-I-H-I-G-P-G-R-A-F-Y-T-T-K (A X -A 17 ) . MN 
viral variants are variants which exhibit complete amino 
acid homology at residues I-G-P-G-R, i.e., positions A 7 
through A 11 , and at least 36% homology with the remaining 

10 12 amino acids of the MN sequence given above. 

The above-described HIV-directed antibodies are 
good candidates for use in generating heterocon jugate 
antibodies which are highly potent. In some cases, 
however, the heteroconjugates formed will not be highly 

15 potent. Ultimately the usefulness of a particular HIV- 
directed antibody for production of a heterocon jugate 
antibody of the invention can only be assessed by 
producing a heterocon jugate antibody, for example by 
covalently linking the HIV-directed antibody to an anti- 

20 CD 3 antibody, and measuring the potency of the 

heterocon jugate antibody in an appropriate assay. Once a 
particular HIV-directed antibody has been shown to be 
useful for generating a potent heterocon jugate antibody, 
it can be used to generate other heteroconjugate 

25 antibodies by covalently linking it to other effector 
cell antigen-directed antibodies. 

As discussed above, the most preferred 
heteroconjugate antibodies are those which are broadly 
reactive as well as highly potent. HIV-directed 

30 antibodies which recognize: (1) an epitope having the 
sequence G-P-G-R-A-F; (2) an epitope having the sequence 
I-X-I-G-P-G-R, where X is any amino acid; or (3) an 
epitope within the portion of gp41 between amino acids 
584 to 611 (according to the numbering scheme of Ratner 

35 et al., supra), inclusive are likely to be useful for 
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the reverse transcriptase assay described herein below. 
To generate a heterocon jugate antibody of the invention, 
a purified HIV-directed antibody is covalently attached 
to an antibody directed against an immune effector cell. 
5 The potency and reactivity of heterocon jugate antibodies 
can be measured in a mixed cell culture of effector cells 
and HIV-infected cells using a reverse transcriptase 
assay. 

Heterocon jugate antibodies may be formed using any 

10 convenient cross-linking method. Suitable cross-linking 
methods include: SPDP, SPDP and SMCC, and biotin-avidin. 
Segal et al. (U.S. Patent 4,676,980) describes a number 
of cross-linking techniques. Alternatively, the 
antibodies can be linked by the generation of bispecif ic 

15 antibodies via hybrid-hybridomas (Suresh et al., Methods 
in Enzymology 121:210, 1896) or by genetic engineering. 
Preparation of HIV-directed Antibodies 

Antibodies useful for the preparation of the 
heterocon jugate molecules of the invention may be 

20 generated and screened as described below. Methods for 
preparing and analyzing antibodies directed towards the 
V3 loop of HIV-MN of an HIV-MN viral variant are also 
described in U.S. Application No. 07/665,306, filed March 
6, 1991, hereby incorporated by reference. 

25 Preparation of the Immunoaen 

One group of HIV-directed antibodies useful for 
production of heterocon jugate antibodies recognize 
sequences within the V3 loop of HIV-MN or an HIV-MN viral 
variant. Accordingly, the immunogen used to generate 

30 these antibodies can include: gpl60, gpl20, fragments of 
gpl20 or gpl60 which include all or part of the V3 loop, 
or synthetic peptides which include all or part of the V3 
loop. In all cases the V3 loop sequences is that of HIV- 
MN or an HIV-MN viral variant. Preferred immunogens for 



PCI7US92/03616 



WO 92/20373 



« v3 100 p ****** -« zzzizr 

paptide *— into a ^^.Tantibodies us.fui 
^^on^ate angles recognize 

5 sequences within tha r g er ate thesa 

5,4-611. Tha im^ne^ens used g ^ of 

antibodies can include: ' o£ tte seg uanca 

wl6 0 or gp41 which includ -1 ^or P ^ ^ ^ 
i y ing between 

10 a-r-I-I^-v-e-K-V-M= D 00 or prote in may 

The immunizing peptide, poiyp v „, 

„a in x£r form or U*-*^,^ 
loop f ormed into a dosed loop hy «eatlon^ ^ ^ ^ 
bon d between cyste^ res**- * t ^ _ 

15 r rrioop r— « - — * £ °™ ea into a 

loop through disulfide bonding. 

Syntheti ° r^rt; a— Peptide 
sciences oan be synthesized by er . Intact 

- synthesis ^^J^J^ be produced in 
r .combinant gpl60 envelj? P e][presslon system and 
insect cells using a baculoviru v Appli cation 
por «ied as described in ausch £ al. ^ ^ ^ 

Ho . 09 1,«1, ^-^T^ 'hereby incorporated by 
25 assignee as the present i 

reference. ™«. e in fragments to be used 

Synthetic ~%ZTJ££L*~ conjugated to 
as immunogens can be aim ne mocyanin 
sn immunogenic carrier e.g.. W idoBethyl 
3 0 „, or ovalbumin using^uccinyl on agent 

cycioheranylc arbosylate S»CC ^ _ ^ 

(Yoshitake etal., J. Bxocnem 

£ ° 110WS Briefly 1 mg of smcc dissolved in so ,1 of 
.dimethylf^eis'addedtoemgofcarriercsta 



WO 92/20373 



PCT/US92/03616 



- 19 - 

concentration of 10-20 mg/ml in 0.1M NaP0 4 , pH 6.5) and 
incubated at room temperature for 0.5 h. The solution is 
then passed through a Sephadex G-25 column to remove 
excess unreacted SMCC and 2 mg of peptide is added 
5 (suspended in a degassed solution of 0.1M NaPOj, pH 8, 
lmM EDTA at a concentration of 10 mg/ml) . The solution 
is mixed by N 2 gas and incubated at 4°C overnight. The 
sample is then dialyzed in 6M urea, 0.1M NaP0 4 , pH 7 
until the precipitate dissolves. The sample is next 

10 eluted through a BioGel P-10 column equilibrated in 6M 
urea, 0.1M NaP0 4 . The voided protein is collected and 
dialyzed in distilled H 2 0. 

The sequences of several peptides (RP142, RP70, 
RP342, RP100, RP102, RP108, RP123C, and RP174C) useful in 

15 immunogens are shown in Table 1. This list is not meant 
to be exhaustive; it merely lists a few of the peptides 
which may be used as immunogens. 

Table It Bxamolea of Peptides Daeful as ImmunoqenB 





RP142 


YNKRKRIHIGPGRAFYTTKNIIG (C) 


20 


RP342 


IHIGPGRAFYT 




RP70 


INCTRPNYNKRKRIHIGPGRAFYTTKN 






IIGTIRQAHCNIS 




RP100 


(SGG) TRKGXHIGPGRAIY (GGSC) 




RP102 


(SGG) TRKSIS IGPGRAF (GGSC) 


25 


RP108 


(SGG) HIGPGRAFYATG (GGSC) 




RP123C 


(C) H I G P G R A F (C) 




RP135 (III B ) 


NNTRRS IRIQRGPGRAFVTIGKIG (C) 




RP174C 


(C) NNTRKSIRIQRGPGRAFVTIGKIG 






(C) 


30 


RP339 (RF) 


ITKGPGRVIY (C) 



Notes Amino acids in parentheses are not in the natural sequence of 
the indicated isolate _ 

Peptides RP70, RP123c, and RP174c can be formed 
into closed loops by creation of a disulfide bond between 
35 the two cysteine residues near the ends of the amino acid 
sequence* A method for creating such a bond is described 
in. Zhang et al. (Biochemistry 27: 3785 , 1988). 
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0.5% BSA. Following incubation, the wells were 
aspirated, washed, and 50 fil of hybridoma supernatant was 
added. Following incubation, the wells were washed 3 
times with PBS, and then incubated with 50 pi of an 
5 appropriate dilution of goat anti-mouse immunoglobulin 
conjugated with horseradish peroxidase (HRP, Zymed 
Laboratories, San Francisco, CA) . The wells were washed 
again 3 times with PBS and 50 pi of ImM ABTS (2,2 azino- 
bis (3-ethylbenzthiazoline-6-sulfonic acid) in 0.1M Na- 

10 Citrate, pH 4.2, to which a 1:1000 dilution of 30% H 2 0 2 
had been added) , the substrate for HRP, was added to 
detect bound antibody. HRP activity was monitored by 
measuring the absorbance at 410nm. 

Hybridomas that test positive by the ELISA method 

15 can be tested for their ability to bind to cells which 
express the HIV envelope protein. In one such assay 
recombinant vaccinia virus expressing a the env gene of a 
particular HIV strain are used to infect cells of the 
CD4+ human T-lymphoma line, CEM-ss (AIDS Research and 

20 Reference Reagent Program, Rockville, MD, catalog #776) . 
Hybridoma supernatant (or purified antibodies) are 
incubated with the infected cells, and antibody binding 
is detected by indirect immune florescence using a 
secondary antibody and a florescence activated cell 

25 sorter. As a control, binding to otherwise identical 
cells which do not express an HIV env gene is measured. 
Hybridomas producing antibodies which bind to env 
expressing cells (but not to non-expressing cells) are 
then selected for further characterization. Cells 

30 expressing the env gene of any HIV strain may be prepared 
as described below. 

In some cases (for neutralizing antibodies) an 
assay for inhibition of syncytia formation can be used to 
assess HIV-directed antibodies. In this assay the 

35 antibody is added to a mixture of HIV-infected and 
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infected cells and giant cell formation is monitored, 
uninfected ceiis an * AoD lication No. 

This assay is described in detail in U.S. Appnc 

' . - , OQ1 hereby incorporated by 

07/665,306, filed March 6, 1991, heresy in 

reference • 

5 nr mr-'"" " f T " ~ r * r ' Uf Vsim ^ 

r . nT .M».iri: varHnle virus 

a,, assay for biding to calls expressing an HIV 
, ,i. Infected with a vaccinia virus 
env gene can employ cells infected witu. 

expressing an HIV env gene rather than actual HIV 
„ tnxectea Llls. construction of a recombinant vaccinia 
° ;^u c pahle of expressing the full-length HIV envelope 
? ene from a vaccinia virus promoter is » » 

Publication No. 0 243 029, hereby incorporated by 
Terence The recombinant vector PSC25, containing the 
reference. Tn expressed from 

L5 HIV env gene and the lacZ gene or vao cinia 
a second vaccinia virus promoter, and flanked ** 
viral seguences which together encode thymidine kinase 
,TK) was used to produce the recombinant virus. 

A recombinant vector that contains DHA encoding an 
20 envelope gene having the specificity of the HIV-HH 

variant was prepared by removing a 570 bp «HX fragment 
lending 1.0 amino acids, from the HXV-II^ env ,«.. 
which spans the region of the VS loop in pSC25, and 
reccing it with the analogous Bglll from the 

25 HIV-HH env gene. The suiting plasmid, PSCR2502, 
contained a hybrid envelope gene which encoded an 
envelope protein having the principal neutralizing domain 
of the MH virus and the remainder of the env gene 
sequence from the HIV-III B envelope. 
30 a smaller region of the HIV-HH gpl60 protein can 

be used in place of the 180 amino acid replacement ,ust 
described; e.g., DHA encoding the 36 amino acid V3 loop 
any HIV strain can be inserted into the enve ope- 
encoding DHA in place of the corresponding III^ DHA 
35 sequence. Alternatively, a recombinant could be used 
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which contains the complete HIV-MN env gene. Multiple 
HIV envelope expressing strains are useful for assessing 
the specificity of an antibody. 

The recombinant vector pSCR2502 was transfected 
5 into CV-1 host cells that had been pre-infected with 
vaccinia virus containing an intact TK gene. The HIV 
envelope gene was integrated into the viral DNA by 
homologous recombination between the TK sequences on the 
vector and the TK sequences within the viral genome. 

10 Recombinants containing the HIV envelope gene were 

selected by infection of TK- cells and plating on media 
containing bromodeoxyuridine (BUdR) and X-gal. BUdR is 
toxic to TK + cells and thus selects for TK" recombinants; 
X-gal is a chromogenic substrate cleaved by the product 

15 of the lacZ gene which results in the production of blue 
plaques where the lacZ gene is expressed and further 
identifies the recombinant virus which also contains the 
HIV-env gene. 

Antibody Purification and Amplification 

20 Hybridomas that tested positive for peptide 

binding in the ELISA assay were subcloned by the limiting 
dilution method. Hybridoma cells and irradiated 
splenocytes from nonimmunized syngeneic mice (final 
concentration 5 cells/ml and 2.5 x 10 6 cells/ml , 

25 respectively) were mixed and 200 /*1 of the mixed 

suspension were plated in microtiter wells to give 1 
hybridoma cell per well. Subclones which appeared 7-14 
days later were assayed again by the ELISA procedure 
described above. Representative positive subclones were 

30 subcloned a second time. 

The isotypes of the antibodies were determined by 
the ELISA method using goat anti-mouse-HRP preparations 
which corresponded to each of the five major mouse 
immunoglobulin isotypes (IgM, IgGl, IgG2A, IgG2B and 

35 IgG3). 
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Alternatively, all IgG subclasses can be purified 
by the following procedure- Ascites fluid is diluted 2- 
fold in 0.1M Tris-HCl, 3M NaCl pH 8.9 , passed over 
Protein A Sepharose affinity column, and eluted with 
5 0.15M NaCl, 0.1M acetic acid, pH 3.0. 
Determination o f Antibody Specificity 

Assays described below can be used for 
determination of the strain specificity of HIV-directed 
antibodies and to map the epitope recognized by HIV- 

10 directed antibodies. Some or all of these assays may be 
used to select HIV-directed antibodies for production of 
heterocon jugate antibodies. The assay for binding to 
cells expressing an HIV env gene described above can also 
be used to assess antibody specificity. The epitope 

15 recognized by the V3 -directed antibodies can be mapped 
using standard ELISA assays and competitive ELISA assays 
as described below. Peptides which are useful for ELISA 
assays include: (l) a series of 24 or 25-mers 
representing the V3 loop sequences from a variety of HIV 

20 variants (Table 2); and (2) the MN substitution series, 
which includes a series of 12-mers corresponding to the 
MN V3 loop tip sequence ( C ) -K-R-I-H-I-G-P-G-R-A-F- Y-T-T- 
(C) , each having an alanine residue substituted for one 
of the amino acids starting at the first arginine (R) 

25 residue and proceeding to the tyrosine (Y) residue. In 
the substitution series a glycine was substituted for the 
naturally occurring alanine. Antibody recognition of an 
epitope contained within the MN sequence is revealed by 
loss of binding of the antibody to an alanine-substituted 

30 peptide, the alanine substitution having disrupted the 
binding interaction. 

Competitive ELISA assays were performed as for 
standard ELISA assays with the following modifications. 
Prior to applying the antibody to the plate, the antibody 

35 preparation is incubated with a test peptide from the 
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ELISA assays demonstrated that the 83.1 antibody 
recognizes the I-X-I-G-P-G-R epitope (where X is any 
amino acid). The strain specificity of the 83.1 antibody 
was analyzed using the above-described techniques. These 
5 assays indicated that 83.1 recognizes the V3 loop of HIV- 
MN, HIV -Alabama , HIV-SF2, HIV-WMJ2 , and HIV-Duke 7887-7. 

Thus, we have identified and characterized two 
antibodies which recognize a number of HIV strains. One 
83.1 recognizes the epitope I-X-I-G-P-G-R (where X is any 

10 amino acid. Another, 59.1, recognizes the epitope 
GPGRAF. THe 59.1 antibody was used to generate a 
heterocon jugate antibody using the method of Scott et al. 
(J. Immunology 140:8, 1988). 
cro41-Directed Antibodies 

15 Recombinant gpl60 was used to generate monoclonal 

antibodies essentially as described above. ELISA assays 
demonstrated that one of these antibodies, 6C5, 
recognizes the portion of gp41 from amino acids 584 to 
611. This portion of gp41 does not vary significantly 

20 from one HIV strain to another. Accordingly antibodies 
directed against this region are not expected to be 
strain specific. This antibody was used to generate and 
purify heterocon jugate antibodies using the method of 
Scott et al. (J. Immunology 140:8, 1988). 

25 OKT3/59.1 and OKT3/6C5 Heteroconiua ate Antibodies 

The experiments described below illustrate the 
effect of two heterocon jugate antibodies, OKT3/59.1 and 
OKT3/6C5, on viral replication in CEM-ss cells (American 
Type Culture Collection, Bethesda, MD: Accession No. 
30 CCL119) infected with various strains of HIV. OKT3/59.1 
heterocon jugate antibody was produced by covalently 
cross-linking an anti-CD3 monoclonal antibody, OKT3, to a 
second monoclonal antibody, 59.1, directed against an 
epitope within the V3 domain of the gpl20 subunit of HIV- 
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Clone 1F8 possessing CTL activity and not NK activity was 
selected. 

OKT3 759.1 Decreases Viral Replication as Measured by 
Reverse Transcriptase Activity in HIV-MN and HIV-III D 
5 Ii^ected Cells 

Unless otherwise noted, CEM-ss cells (15,000 
cells/well in a 96 well plate) were infected with 64 
infectious units (IU) of HIV-III B or HIV-MN. At 18 hr 
post-infection, effector cells (1F8 cells 45,000/well) 

10 along with varying concentrations of either OKT3/59.1 
heterocon jugate or an equivalent amount of the 
unconjugated antibodies were added to the infected CEM- 
ss cells. The CTL were grown in RPMI 1640 with 10% FBS; 
Gibco/BRL) , and were washed with fresh medium prior to 

15 addition of antibodies. After 7 days cell-free culture 
supernatants were harvested and assayed for reverse 
transcriptase activity by the method of Willey et al. (J. 
Virol. 62: 139 , 1988). 

Referring to Figs. 1 and 2, OKT3/59.1 

20 heterocon jugate (filled diamonds) at 0.5 ng/ml 

essentially eliminated reverse transcriptase activity in 
CEM-ss cells infected with either HIV-III B or HIV-MN. A 
mixture of unconjugated OKT3 antibody and 59.1 antibody 
(open squares) had no effect on the reverse transcriptase 

25 activity even at 2,000 ng/ml. 

Referring to Fig. 3, a separate experiment 
demonstrated that 0KT3/59.1 heterocon jugate has no effect 
on reverse transcriptase activity in the absence of CTL 
cells (filled circles) . Similarly, CTL in absence of 

30 OKT3/59.1 heterocon jugate (filled triangle) have no 

substantial effect on the reverse transcriptase activity 
of HIV-III B infected cells. Unconjugated antibodies in 
the absence of CTL (open circles) and CTL alone (open 
triangle) have no substantial effect on the reverse 

35 transcriptase activity of infected cells. Uninfected 
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eliminated at a CTL: CEM-ss ratio of 0.1:1 and was 
partially eliminated (>. 60%) at CTL: CEM-ss ratios as low 
as .006:1. This result demonstrates that OKT3/59.1 
heterocon jugate is effective even when the number of 
5 target cells (CEM-ss) is significantly larger than the 
number of effector cells, a condition comparable to that 
observed in vivo. 

OKT3 759.1 is Effective Against Many HIV Strains 

To test whether the 0KT3/59.1 heterocon jugate is 

10 effective against a variety of HIV strains, CEM-ss cells 
(150,000/well in 24 well plates) infected with 100-1000 
IU of HIV. At the time of infection a 3 -fold excess of 
CTL (450,000/well) and 1 /ig/ml of 0KT3/59.1 
heterocon jugate (or 1 lig/ral of a mixture of monomeric 

15 antibodies) were added to the culture. Cultures were 
split 3 times per week and culture supernatants were 
collected at four or five day intervals for assay of 
reverse transcriptase activity. After the initial 
addition of antibody no further antibody was added. Thus 

20 splitting the culture decreases the antibody 

concentration and the absolute number of target and 
effector cells. As a control, CEM-ss were cultured with 
virus only. The HIV isolates tested and their V3 
sequences are listed in Table 2. 
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Table 2 1 V 3 Loop sequences 
" V3 

Taolate — _ _ 

5 m H--R 

VR — — — — — — 

Alabama 

Duke 6587-5 V " H " „ _ 

T--S-I" 

10 WKJ2 V 

in KSI--QR V 

IIIb _ I - A - G 

DUKE 6587-7 T " _ g 

DDKB 7887-7 TSRg" R ~" ; — 

is the same ae xn mn. *n» u 

Beferrinc, to Fig. «. ccp-red to CEM-s. without 
^ J£Z, or « circles >• 

% 4 W h4H4^fid reverse transcriptase 

20 <UBfi " ld M in^X cases i» «^co the HXV 

activity more than 9S% in all Dulca 6587- 

isolate h» the GPSPaT eequ.no. <HH, Wan . ^ _ 

s. xn.. spz .* M-™. B ; 58 D 7 1 7 panel „ an a 

_ , , CQ - 7 ^ was inhibited. A mixture 01. 
and one (Duke 6587-7) was ^ jangles) had no 

unconjugated OKT3 and 59.1 (fillea w 

T^hTbit reverse transcriptase activity o£ HXV- 
ability to inhibit "vers (15 ,000/«.11 in a 

TUB infected CEM-ss. = ^ After 

35 18 hrs., CTL (45,000/well) a Rever se 

at various concentrations were added ™e 

transcriptase activity was measured 7 days later 
described above. 
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Referring to Fig. 6, OKT3/6C5 heterocon jugate 
(open circles) essentially eliminated reverse 
transcriptase activity at concentrations as low as 0.5 
ng/ml. In contrast, a mixture unconjugated OKT3 and 6C5 
5 had no significant effect on reverse transcriptase 
activity. 

OKT3/59.1 and OKT3/6C5 Are Cytotoxic in the Presence of 
CTL 

To test the cytotoxic activity of heterocon jugate 

10 antibodies, we initially performed 51 Cr release assays in 
a model system using recombinant vaccinia virus- infected 
CV1 cells. Recombinant vaccinia virus which express 
either the HIV-III B env gene (VPE16) or HIV-MN (VMN) env 
gene were used to infect CV1 cells. A recombinant 

15 vaccinia virus which does not express an HIV env gene 
(VSC8) was used as a negative control. Mixed cell 
cultures were set up essentially as described for the 
reverse transcriptase assays. 1F8 cells were used as 
effector cells and were not by themselves cytotoxic to 

20 CVl cells or vaccinia virus- infected CV1 cells. 

Referring to Table 3, OKT3/59.1 heterocon jugate at 
10 ng/ml lysed 58% of the VPE16 infected CVl cells and 
62% of the VMN infected CVl cells. Lyses of uninfected 
cells was very low. Cell lyses was similarly low when 

25 monomeric antibodies were added (data not shown) . That 
the maximum lysis using OKT3/59.1 was 60% as opposed to 
100% is probably the result of incomplete infection of 
CVl cells by the vaccinia virus (Syncytia formation 
assays with limiting dilutions of CVl cells indicated 

30 that approximately 50-60% of the cells expressing gpl60) . 
Heterocon jugates formed using 1C1 or 7C6, two antibodies 
which recognize epitopes at the carboxyl-terminus ofgpl20 
and which bind to cells expressing HIV env (as assessed 
by FACS) , were relatively ineffective in lysing cells 
35 infected with vaccinia virus expressing either HIV-MN or 
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arw^T-i.Titlv cell surface binding, 
wtv-III env protein. Apparently cej-x 

ZSi neclsary. is not a BUf ficien, c^-.t.c by 
^ch to determine whether e„y given antibody can 
aerate a cytotoxic heteroconjugate anybody. 

5 Table 3: cell L ysis by Heteroconjugate Antibodies 

10 OKT3/59.1 
OKT3/7C6 



15 



OKT3/1C1 



9 
1 



58 
17 
18 



N.D. 
N.D. 



20 



25 



30 



' r ^l.y Scribed below is used to determine 

_ he t e roconjugate antibodies of the 
TZZT t usUTvariety of HIV strains the breadth 

*~ -etercconjugate antibody may 
: iB o bTdeteLined. In order to accurately determine 

carefully controlled conditions. The prel 

described below. 

CEH-ss cells (150,000 cells/well in 24 well 

microtiter plates, 2 ml wells, are 

10 .0 infectious units (ID) of the desired HIV stt^ 
18 „r post-infection, 450,000 effector cells are added 
"lone with enough heteroconjugate antibody to maKe the 
:^el "itiaAeteroconJugate antibody "negation. 
The cells are grown under standard conditions and are 
»ur.very 3 cays. »o additional heteroconjugate 
Z^ZZ added, thus the heteroconjugate antibody 
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concentration is halved each time the culture is split. 
A control culture is set up and grown under exactly the 
same conditions but without heterocon jugate antibody. 
The reverse transcriptase activity of both cultures is 
5 measured 10 days post infection using the method of 

Willey et al. (J. Virology 62:139, 1988). For HIV stains 
which take longer than 14 days post-infection to reach 
peak virus production , reverse transcriptase activity 
should not be measured at 10 days post-infection. 

10 Instead the reverse transcriptase activity should be 
measured at a time which is close to that of maximum 
virus production. 

The infectious units are determined according to 
the Kfirber method. Because viral titer can decrease 

15 during storage, it is important that the viral stock be 
freshly titered. Viral stocks should be carefully 
prepared so that the number of defective viral particles 
is low. For example, the multiplicity of infection for 
preparing viral stocks should be 0.001, cells should be 

20 grown under conditions which allow logarithmic cell 
growth, and virus should be collected at the peak of 
virus production (as determined by maximal reverse 
transcriptase activity or p24 expression) . 
Engineered Heteroconiuaate Antibodies 

25 Since, for the most part, monoclonal antibodies 

are produced in species other than humans, they are often 
immunogenic to humans. In order to successfully use 
heterocon jugate antibodies in the treatment of humans, it 
may be necessary to create chimeric antibody molecules 

30 wherein the antigen binding portion (the variable region) 
is derived from one species, and the portion involved 
with providing structural stability and other biological 
functions (the constant region) is derived from a human 
antibody. Methods for producing chimeric antibodies in 

35 which the variable domain is derived from one species and 
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10 



« constant domain U derived ^ ^ . - 

Mll Known to those sUlled m ^ 

example, neubero*: - s < et al< „ 

priority September , 9 ' Mgust 27 , 198 4. «. 

Plication ■». 0 173,494 ^ ^ ptoduo .a by 

alt ^t,« -t^d ^ iw aetCTninlng regions 

replacxng only «ie cojep h cDRs from an 

^ "TinT/r r i9 "c specificity, is 
immunoglobulin of the d No 2 , 18 8,638, 

scribed by Kinter (SB Publ^ can be made 

priority March 27, 1986) » producing an 

compatible with human therapeut ~ solence 

antibody "^'.'J™™ ^d "chain antibodies are 
22 9:1202, 1985, ^J^sbinant means than are 

:rSoT^i r ---r N0 - 

^tnSS and P these rr - - 
adapted to produce heterocon.ugate ^ ; 

expression, and P"" 11 " generate bispecific 

antibody, Quadromas can be used J ^ ana 

antibodies (Reading et al. , U.s pa 



4,714,681) . 

25 



30 



35 



256 of the invention is administered 

t Tlv e^r a tie intravenous or intramuscular 
perenterai^ aither would comprise 

route. A typical t o£ an tibody 

administration o£ an and about 6 

administered over between about oneJ» a 

months. - -^-^TJSS to individual, 
patient's disuse -W^* stage o£ tte Uln ess and 
depending upon the patient being 

the individual characteristics oi » 
seated. The total dose retired for each treatment 
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be administered by multiple doses or in a single dose. 
The human monoclonal antibody may be administered alone 
or in conjunction with other HIV treatments, such as AZT, 
in order to control a patient's disease. 
5 Pharmaceutical compositions of heterocon jugate 

antibodies are produced according to the intended mode of 
administration and may include: liposomes, solutions , 
suspensions and microparticles. 

In some circumstances it may be desirable to 
10 administer the heterocon jugate antibody along with the 
appropriate effector cell (Nitta et al., The Lancet 
335:368, 1990). For example, peripheral blood 
lymphocytes (PBL) may be collected from an individual in 
need of treatment for HIV infection (or a compatible 
15 donor) and incubated with a heterocon jugate antibody 

prior to reinfusion of the cells. In some cases the PBL 
may be expanded in culture (Rosenberg et al . , Science 
233:1318, 1986). The PBL may also be incubated with 
interleukins, interferons, or other immunomodulators. In 
20 addition the cells may be incubated with molecules such 
as receptor specific antibodies which will stimulate the 
cytolytic activity of the effector cells (Scott et al., 
Cellular Immunology 114:370, 1988). 

What is claimed is: 
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SEQUENCE LISTIHO 

{ 1) GENERAL INFORMATION: 

(i) union. RepUgen corporation 

T „„ HETEROCONJDGATE ANTIBODIES FOR 
TITLE OF INVENTION: HETEROCO 

TREATMENT OF HIV INFECTION 

(LL L) NUMBER OF SEQUENCES: 24 



10 



15 



20 



25 



(iv) CORRESPONDENCE ADDRESS: 



(A) ADDRESSEE: 

(B) STREET: 

(C) CITY: 

(D) STATE: 

(E) COUNTRY: 

(F) ZIP* 

(v) COMPUTER READABLE 



Fish fi Richardson 
225 Franklin Street 
Boston 

Massachusetts 

U.S.A. 
02110-2804 



(A) MEDIUM TYPE: 

(B) COMPUTER: 

(C) OPERATING SYSTEM: 

(D) SOFTWARE: 

(vi) CURRENT APPLICATION DATA: 



3.5- Diskette, 1.44 Mb 
IBM PS/2 Model 50Z or 55SX 
IBM P.C DOS (Version 3.30) 
WordPerfect (Version 5.0) 



30 



NUMBER: 



(A) APPLICATION 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 



(A) APPLICATION 

(B) FILING DATE: 



07/699,773 
14-May-1991 
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(Viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: Paul T. Clark 
5 (B) REGISTRATION NUMBER: 30,162 

(C) REFERENCE /DOCKET NUMBER: 00231/055^01 

(ix) TELECOMMUNICATION INFORMATION: 

10 (A) TELEPHONE: (617) 542-5070 

(B) TELEFAX: (617) 542-8906 

(C) TELEX: 200154 

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 

15 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 

(B) TYPE: amino acid 
20 (D) TOPOLOGY: linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 



25 Gly Pro Gly Arg Ala Phe 

5 

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 
30 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



35 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

He Xaa He Gly Pro Gly Arg 
s 

5 (2) IHPORNATION POR SEQUENCE IDENTIFICATION NUMBER: 3: 

(i) SEQUENCE OTARACTERISTICS: 

10 (A) LENGTH: 28 

amino acid 
(B) TYPE: ™* 

(D) TOPOLOGY: ltneaE 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

" 01 „ - ox. - - ~ ~ - 

5 10 
M 01, II. BP Oly 0,. «r oi, ly. w. «• <*■ 

20 

(i) SEQUENCE CHARACTERISTICS: 

25 17 

(A) LENGTH: 

„ amino acid 

(B) TYPE: 

( D) TOPOLOGY: lineat 

30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO, 4: 

w . ttg w « u. u. oly » .» ~ - 



35 Lys 
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(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 5: 
(i) SEQUENCE CHARACTERISTICS? 

5 

(A) LENGTH: 5 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

10 (Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

lie Gly Pro Gly Arg 
5 

15 

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 6: 
(i) SEQUENCE CHARACTERISTICS: 

20 

(A) LENGTH: 24 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Tyr Asn Lye Arg Lye Arg lie His lie Gly Pro Gly Arg Ala Phe Tyr 
5 10 15 

30 Thr Thr Lys Aen He He Gly Cys 
20 

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 7: 
35 (i) SEQUENCE CHARACTERISTICS: 
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(X) LENGTH: 
(B) TYPE: 
(D) TOPOLOGY: 

5 

(xi) SEQUENCE DESCRIPTION: 



11 

amino acid 
linear 

SEQ ID MO: 7: 



lie His lie Gly Pro Gly Arg Ala Phe Tyr Thr 

10 

(2) IHF08MATION FOR SEQUENCE IDENTIFICATION NUMBER: 8: 
(i) SEQUENCE CHARACTERISTICS: 



15 



40 

(X) LENGTH: 

amino acid 

(B) TIPS: 

(D) TOPOLOGY: linear 



20 



(xi) SEQUENCE DESCRIPTION: SEQ ID HO: 8: 

a.-*— "»■ - ~ ~ l " "* Ts 

P „ «, M ^ ~ * - - * M » Ile Z " 1U 



Gly Pro Giy ^9 ~- * 30 

25 20 25 

Arg Gin Ala Hie eye Asn He Ser 

40 

35 

„, una***™* ™ ™™<* nnnm- _» »■ 

30 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 

(B) TYPE: Min0 aCid 
35 (D) TOPOLOGY: "* eac 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Ser Gly Gly Thr Arg Lys Gly He His He Gly Pro Gly Arg Ala He 
5 5 10 15 

Tyr Gly Gly Ser Cys 
20 

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 10: 

10 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: amino acid 
15 (D) TOPOLOGY : linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 



20 Ser Gly Gly Thr Arg Lys Ser He Ser He Gly Pro Gly Arg Ala Phe 

5 10 15 

Gly Gly Ser Cys 
20 

25 

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: lit 

(i) SEQUENCE CHARACTERISTICS: 

30 (A) LENGTH: 19 

(B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

35 



PCT/US92/03616 

WO 92/20373 

- 44 - 

mi- Phe Tvr Ala Thr Gly Gly 

SM «, «r Hi. i« «* » 01y 10:9 ** 15 

5 

Gly Ser Cye 

5 m ^™ - «— — »»— — ■ 121 

(i) SEQUENCE CHARACTERISTICS: 

10 

, . (X) LENGTH: 

1° 1 ' amino acid 

(B) TYPE: 

{D ) TOPOLOGY: Iinear 



(Xi) 



SEQOEKCE DESCRIPTION: SEQ ID NO: 12: 



15 



Cy 8 His lie Gly Pro Gly Arg Ala Phe Cy. 



20 (2) INPORMATION POR SEQUENCE IDENTIPICATION NUMBER, 13: 
(i) SEQUENCE CHARACTERISTICS: 

,5 (A) LENGTH: 25 

za amino acid 



30 



(B) TYPE: 

_„„ linear 
(B) TOPOLOGY: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

^ ne ~ lie Gin Arg Gly Pro Gly Arg Ala 
asn Asn Thr Arg Ly* Ser He Arg ^ 

5 

Phe val Thr He Gly *- Xto Gly Cys 
35 20 25 
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(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 14: 
(i) SEQUENCE CHARACTERISTICS: 

5 

(A) LENGTH: 26 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

10 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

Cys Asn Asn Thr Arg Lys Ser He Arg He Gin Arg Gly Pro Gly Arg 
5 10 15 

15 Ala Phe Val Thr He Gly Lyo He Gly Cys 
20 25 

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 15: 

20 (i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 11 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



25 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 



He Thr Lye Gly Pro Gly Arg Val He Tyr Cys 
30 5 10 

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 16: 
(i) SEQUENCE CHARACTERISTICS: 

35 
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(A) LENGTH: 16 

amino acid 

(B) TXPB: 

(0) TOPOLOGY: linear 
5 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

^ LyS „ Xle His Xle « ^ - P*e - - - 
5 10 

10 (2) ^TK* «» SK^CE XD^CIXON !7, 
(i) SEQUENCE CHARACTERISTICS: 

15 (A) LENGTH: 17 

amino acid 

(B) TYPE: 

(D) TOPOLOGY: linear 



(xi) 

20 



SEQUENCE DESCRIPTION: SEQ ID NO: 17: 



w . - X,. HU n. «, P~ «V -.«.«.«. - - 

5 10 

25 {2) INFORMATION pop sequence identification NUHBEB: 18: 
(J.) SEQUENCE CHARACTERISTICS: 

30 ( A > I^ STH: " 

amino acid 

(B) TYPE: 

{D) TOPOLOGY: linear 



(xi) 

35 



SEQUENCE DESCRIPTION : SEQ ID NO, 18: 
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Lye Lys Ser Arg lie His lie Gly Pro Gly Arg Ala Phe His Thr Thr 
5 10 15 

Arg 

5 

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 19: 
(i) SEQUENCE CHARACTERISTICS: 

10 

(A) LENGTHS 17 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

15 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

Val Arg Asn Arg lie His He Gly Pro Gly Arg Ala Phe His Thr Thr 
5 10 15 

20 Lyo 

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 20: 
(i) SEQUENCE CHARACTERISTICS: 

25 

(A) LENGTH: 17 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 



Thr Arg Lys Ser He Tyr He Gly Pro Gly Arg Ala Phe His Thr Thr 
5 10 15 

35 Gly 
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21: 



10 



(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTHS 17 

_ amino acid 

(B) TYPE* aal - 

(D) TOPOLOGY: lineat 
(Xi) SEQUENCE DESCRIPTION: SBQ ID NO: 21: 

5 10 

15 Glu 

{2) INFORMATION POR SEQUENCE IDENTIFICATION NUMBER: 22: 
20 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 

amino acid 

(B) TYPE: 

( D) TOPOLOGY: ' linear 



25 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 

Ly8 ser lie Ar 9 lie Gin ^ Gly Pro Gi y A* g Ala P*e Val T*r He 

10 15 



30 

Gly 



(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 23: 



35 
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(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 17 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 



10 Thr Arg Lye Gly He His He Gly Pro Gly Arg Ala He Tyr Ala Thr 

5 10 15 

Gly 

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 24: 

15 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 

(B) TYPE: amino acid 
20 <D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 



25 Thr Ser Arg Gly He Arg He Gly Pro Gly Arg Ala He Leu Ala Thr 

5 10 15 

Glu 
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 



claims 

! A heteroconjugate antibody comprising a first 
and a second portion joined together covalently, said 

peripuei sequence of the 

an antibody directed against a V3 loop qu 

OT12 0 envelope ^ ^ * ^L^eUs, 
variant expressed on the suriac 

e^u: - - - infected 
with HIV-MN decreases the reverse transcriptase activity 
with Hiv em least 80% compared 

of said first mixed culture cell by at least «u v 
t ^.reverse transcriptase activity of - °t™ 
identical second mixed cell culture 
effector cells and said CE«-ss cello infected ^ « IV 
». wherein said effector cells are 

"IT 8 "J. "vers tanscrlLe activity is measured 
ZZZ'^r infection, said heteroconjugate entity 

said effector cells are added to said CEM-ss cells rn 
a"d first ^ cell culture IS hours after infectron 
and said first and second cell cultures are infected wxth 
100-1000 infectious units of HIV-HH. 

2. The heteroconjugate antibody of claim 1 where 
" in said decrease in said reverse transcriptase actrvrty 
e" said first cell culture is greater than 90% compared 
t said reverse transcriptase activity of said second 
5 mixed cell culture. 

3 A heteroconjugate antibody comprising a first 



2 
3 



,„d a second portion joined together covalently, sard 

Portion comprising an antihody directed against an 
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4 antigen present on the surface of an effector cell of the 

5 peripheral blood, said second antibody portion comprising 

6 an antibody directed against a V3 loop sequence of the 

7 gpl20 envelope protein of HIV MN or a HIV MN viral 

8 variant expressed on the surface of HIV-infected cells, 

9 wherein said heterocon jugate antibody at an initial 

10 concentration of 10 ng/ml in a first mixed cell culture 

11 comprising said effector cells and CEM-ss cells infected 

12 with HIV-MN decreases the reverse transcriptase activity 

13 of said first mixed culture cell by at least 80% compared 

14 to the reverse transcriptase activity of an otherwise 

15 identical second mixed cell culture comprising said 

16 effector cells and said CEM-ss cells infected with HIV- 

17 MN, wherein said effector cells are in 3 -fold excess over 

18 said CEM-ss cells in said first and second mixed cell 

19 cultures, said reverse transcriptase activity is measured 

20 ten days after infection, said heterocon jugate antibody 

21 and said effector cells are added to said CEM-ss cells in 

22 said first mixed cell culture 18 hours after infection, 

23 and said first and second cell cultures are infected with 

24 100-1000 infectious units of HIV-MN. 

1 4. A heterocon jugate antibody comprising a first 

2 and a second portion joined together covalently, said 

3 first portion comprising an antibody directed against an 

4 antigen present on the surface of an effector cell of the 

5 peripheral blood, said second antibody portion comprising 

6 an antibody directed against a V3 loop sequence of the 

7 gpl20 envelope protein of HIV MN or a HIV MN viral 

8 variant expressed on the surface of HIV-infected cells, 

9 wherein said heterocon jugate antibody at an initial 

10 concentration of 5 ng/ml in a first mixed cell culture 

11 comprising said effector cells and CEM-ss cells infected 

12 with HIV-MN decreases the reverse transcriptase activity 

13 of said first mixed culture cell by at least 80% compared 
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14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 



to the reverse transcriptase activity of an otherwise 
to the rever comprising saxd 

identical second mixed cell infec ted with HIV- 

ii« a «ri said CEM-ss cells xnrecceu 
effector cells and saxd over 

MN, wherein saxd effector cells ^ ^ 

said CEM-ss cells xn saxd f xrst ana me asured 

. Mid reverse transcriptase actxvxty xs m 
cultures, saxd rever heteroconju gate antibody 

t en days after xnfect- ^ ^ ^ ^ ^ 

and saxd effector after infe ction r 

100-XO0O infectious units of HTV-MH. 

5. A heteroconjugate antibody comprising a first 
and a second portion joined together „ 

f lrst portion r ^J" £ r:n efl^fr cell of the 
antigen present on the surface of c<mpri sing 
oeripheral blood, sard second antioouy v 
ITantibody directed against a V3 loop sequence of the 
an antxcuuy vm or a HIV MN vxral 

gp 12 0 envelope ^J*™™ * HIV . inIe cted cells, 
variant expressed on the surface oi n ...... 

Iherein said heteroconjugate «£^^L. 
conation of^ - . «-> ^ „ 

oecre"^! revise transcriptase activity 
wxth Hiv wjn aew. t least 80% compared 

nf said first mixed culture cell by at least eu * 
of saxd rxrs^ activity of an otherwxse 

i-o the reverse transcrxptase actxvxty « 

identical second mixed cell ^«^T 

^or-toi- cells and said CEM-ss cells xnfectea wxtn 
effector cexj.=> evcess over 

MB wherein said effector cells are xn 3-fold excess ov 
11= fn saia first and second mixed cell 

sai d cms, °<* ivlty 13 * 

Ten tr S '^ ^-ion. said heteroconjugate antibody 
ten aay& said CEM-ss cells xn 

said effector cells are added to saxa uiua 
^ f irst mixed cell culture » hours after infectron, 



WO 92/20373 



PCT/US92/03616 



- 53 - 

23 and said first and second cell cultures are infected with 

24 100-1000 infectious units of HIV-MN. 

1 6. A heterocon jugate antibody comprising a first 

2 and a second portion joined together covalently, said 

3 first portion comprising an antibody directed against an 

4 antigen present on the surface of an effector cell of the 

5 peripheral blood, said second antibody portion comprising 

6 an antibody directed against the amino acid sequence 

7 GPGRAF. 

1 7. A heterocon jugate antibody comprising a first 

2 and a second portion joined together covalently, said 

3 first portion comprising an antibody directed against an 

4 antigen present on the surface of an effector cell of the 

5 peripheral blood, said second antibody portion comprising 

6 an antibody directed against the amino acid sequence 

7 IXIGPGR, wherein X = any amino acid. 

1 8. The heterocon jugate antibody of claim 6 or 

2 claim 7 wherein said heterocon jugate antibody at an 

3 initial concentration of 20 ng/ml in a first mixed cell 

4 culture comprising said effector cells and CEM-ss cells 

5 infected with HIV-MN decreases the reverse transcriptase 

6 activity of said first mixed culture cell by at least 80% 

7 compared to the reverse transcriptase activity of an 

8 otherwise identical second mixed cell culture comprising 

9 said effector cells and said CEM-ss cells infected with 

10 HIV-MN, wherein said effector cells are in 3-fold excess 

11 over said CEM-ss cells in said first and second mixed 

12 cell cultures, said reverse transcriptase activity is 

13 measured ten days after infection, said heterocon jugate 

14 antibody and said effector cells are added to said CEM- 

15 ss cells in said first mixed cell culture 18 hours after 
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a e *ia first and second cell cultures are 
infection, and said first ana HI v-MN. 
infected with 100-1000 infectious units of HIV ». 

9 . The heteroconjugate antibody of claim 1 
wherein said heteroconjugate ^^^^ 
concentration of 20 ng,ml - a infected 

comprising said ^£^^1^*-. 

with HXV-IHb decreases the 80% 

activity of said first mixed culture cell Y 

compared to the reverse c ^ure comprising 

otherwise identical — inf ect ed with 

said effector cells and saia 

is measured ten days after infection, said 

added to said CEM-ss cells m sala txr 
culture 18 hours after infection and said *«t 
second cell cultures are infected with 100 1000 
infectious units of HIV-HV 

10. The heteroconjugate antibody of claim 1 
wherein said heteroconjugate antibody at an i^al 
wnerem » 4.>, re e or more mixed cell 

concentration of 20 ng/ml « cells and 

matures each of which comprises said effector ce 

ti! infected with one of the HIV strains: 
CEM-ss cells inrectea wiu» 

6587-5. DuKe 6587-7, DuKe ™ 87 "^ 2 ' 
ana IBB. decreases the reverse transcriptase 
activity of each of saia Mixed cell culture by 80% 
activi y „ verse transcriptase activity of an 

^CTL -11 culture comprising said 
:™r c lls and CEM-ss cells infected with said same 

T^lf HIV wherein said effector cells are in 3-fold 
strain of HIV, gaid f irst and second 

excess over said CEM-ss cexxs ai 
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14 mixed cell cultures, said reverse transcriptase activity 

15 is measured ten days after infection, said 

16 heterocon jugate antibody and said effector cells are 

17 added to said CEM-ss cells in said first mixed cell 

18 culture 18 hours after infection, and said first and 

19 second cell cultures are infected with 100-1000 

20 infectious units of said strain of HIV. 

1 11. A heterocon jugate antibody comprising a 

2 first and a second portion joined together covalently, 

3 said first portion comprising an antibody directed 

4 against an antigen present on the surface of an effector 

5 cell of the peripheral blood, said second antibody 

6 portion comprising an antibody directed against the amino 

7 acid sequence QARILAVERYLKDQQLLGIWGCSGKLIC . 

1 12. The heterocon jugate antibody of claim 11 

2 wherein said heterocon jugate antibody at an initial 

3 concentration of 20 ng/ml in a first mixed cell culture 

4 comprising said effector cells and CEM-ss cells infected 

5 with HIV-MN decreases the reverse transcriptase activity 

6 of said first mixed culture cell by at least 80% compared 

7 to the reverse transcriptase activity of an otherwise 

8 identical second mixed cell culture comprising said 

9 effector cells and said CEM-ss cells infected with HIV- 

10 MN, wherein said effector cells are in 3-fold excess over 

11 said CEM-ss cells in said first and second mixed cell 

12 cultures, said reverse transcriptase activity is measured 

13 ten days after infection, said heterocon jugate antibody 

14 and said effector cells are added to said CEM-ss cells in 

15 said first mixed cell culture 18 hours after infection, 

16 and said first and second cell cultures are infected with 

17 100-1000 infectious units of HIV-MN. 
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13 The heteroconjugate of claim 1 or claim 11 

14 The heteroconjugate of claim 1 or claim 11 
wherein said antigen present on the surface of an 
effector cell is CD3. 

15 The heteroconjugate antibody of claim 1 

heteroconjugate antibody at an inxtial 
wherein said heterocon 3 ug 

wi tn an HXV strain otner tnan HXV-HH 

^r^cnlv" - an ^ «-* ^ — 
transcript effector cells and 

™w e d cell culture comprising said errec 
mixed ceil . nfected W ith said HIV strain other 

said CEM-ss cells ~ cells are in 3-fold 

than HIV-MN, wherein said *« ec ^ C and second 

rr rir--rr- — 

is measured ten days after infection, said 

^terocon^te ^^f^jToZ 
added to said CEM-ss cells in said Iir 
OTl ture 18 .ours after infection "* 
second cell cultures are 
infectious units of said HIV strain ot; 

16 The heteroconjugate antibody of claim 1 
wherein said heteroconjugate antibody binds to the V3 
loop of an HIV strain other than HIV-MN. 
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1 17. A pharmaceutically acceptable composition 

2 comprising a pharmaceutically effective amount of a 

3 heterocon jugate antibody of claim 1 or claim 11. 

1 18. An HIV-targeted effector cell comprising: 

2 (a) an effector cell expressing a cell surface 

3 antigen; and 

4 (b) the heterocon jugate antibody of claim 1 or 

5 claim 11. 
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